In this study, avocado seed was successfully used as raw material for producing activated carbons by conventional pyrolysis. In order to determine the best condition to produce the activated carbons, a 2 2 full-factorial design of experiment (DOE) with three central points was employed by varying the temperature and time of pyrolysis. The two evaluated factors (temperature and time of pyrolysis) strongly influenced the S BET , pore volumes, hydrophobicity-hydrophilicity ratio (HI) and functional groups values; both factors had a negative effect over S BET , pore volumes and functional groups which means that increasing the values of factors leads to decrease of these responses; on the other hand, with regards to HI, both factors caused a positive effect which means that increasing their values, the HI has an enhancement over its values. The produced activated carbon exhibited high specific surface areas in the range of 1122-1584 m 2 g −1
Introduction
Every year, large quantities of dangerous emerging organic pollutants are generated by many types of industries such petrochemical, medicines, textile, paper and plastics which consume a substantial number of phenolic compounds and pharmaceuticals which ends to produce a large amount of polluted water with their products (Ahmed et al. 2016; Geissena et al. 2015; Jiang et al. 2013) .
These organic substances are delivered into wastewaters, and this brings serious issues for water contamination and its treatment, because it tends to persist even after the conventional removal processes in the wastewater treatment plants (Fatta-Kassinos and Michael 2013; Geissena et al. 2015) . Therefore, their removal from industrial effluents has been a major environmental issue in recent years.
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Several methods, such as advanced oxidation procedures (AOP) (Ba-Abbad et al. 2017; Gil et al., 2017 , Lin et al. 2017a , biological treatment (Besha et al. 2017; Ghattas, et al., 2017) , coagulation (Kishimoto and Kobayashi 2016) , flocculation (Kishimoto and Kobayashi, 2016; Matamoros and Salvado 2013) , filtration (Zhang et al. 2017b ) and adsorption (Bhatnagar and Anastopoulos 2017; Zhuo et al. 2017) processes have been applied to remove this kind of pollutants from the effluents (Besha et al. 2017; Carmalin et al. 2016) . Some of these methods have been shown to be effective; however, some of them presented some drawbacks and limitations such as an excess amount of chemical reagent, high implemental costs and high sludge production that has serious disposal problems. Among these methods, adsorption is a preferred route because of its low initial cost for implementation, simplicity and relatively low residue production (dos Reis et al. 2016a Reis et al. , b, 2017 .
Adsorption technology using different adsorbents has been considered as one of the most efficient and economic method for treatment of effluents containing emerging organic pollutants such phenols and pharmaceuticals (Saucier et al. 2015 (Saucier et al. , 2017 Thue et al. 2016 Thue et al. , 2017 ). Accordingly, a large variety of adsorbent materials have been proposed and studied for their ability to remove emerging organic pollutants (Takdastan et al. 2016; Rossner et al. 2009; Prola et al. 2013b; Rovani et al. 2016) . Among these adsorbents, activated carbon is one of the most employed adsorbents for adsorption of organic compounds simply because it has well-developed pore structures with high specific area that favours high adsorption ability (dos Reis et al. 2016c; Calvete et al. 2010; Ribas et al. 2014) .
Nowadays, there is a great interest in finding effective adsorbents prepared from waste biomass (Leite et al. 2017; Prola et al. 2013a; Puchana-Rosero et al. 2017) . Exploring efficiency and adding value to waste biomass may contribute to environmental sustainability and offer benefits for future commercial applications (Leite et al. 2017; Prola et al. 2013a; Puchana-Rosero et al. 2017) .
For instance, Saucier et al. (2015) prepared an activated carbon (AC) from cocoa shell by using a mixture of zinc chloride plus iron chloride as agents of activation by using microwave-assisted pyrolysis. Then, the carbons were used for removal of sodium diclofenac and nimesulide from aqueous solutions; the maximum sorption capacities (Q max ) obtained were 63.47 and 74.81 m 2 g −1 , for diclofenac and nimesulide, respectively, at 25°C. In another study, Thue et al. (2016) reported the preparation of an AC from wood waste using microwave-assisted pyrolysis and the adsorbents were used for removal of o-cresol from aqueous solutions obtaining a Q max of 222.2 mg g −1 at 25°C. Ahmed et al. (2017) produced an AC from human hair using potassium hydroxide as activating agent, using a conventional furnace system for the pyrolysis. The prepared AC was used for the adsorption of tetracycline, and the Q max obtained was 128.52 m 2 g −1 . Saucier et al. (2017) produced magnetic activated carbons by using iron and cobalt carboxylates, and the resulting adsorbents were used for removal of amoxicillin and paracetamol from aqueous solutions, obtaining Q max values of 339.4 and 302.2 m 2 g −1 for amoxicillin and paracetamol, respectively, at 25°C. Leite et al. (2017) prepared an AC from avocado seed using microwave-assisted pyrolysis, and the adsorbent was employed for removal of resorcinol and 3-aminophenol from aqueous solutions. The values of Q max obtained were 299.7 and 352.4 mg g −1 for resorcinol and 3-aminophenol, respectively, at 25°C. Although the microwave-assisted pyrolysis could present some advantages over the conventional furnace system (Puchana-Rosero et al. 2016) , the microwave oven used for producing activated carbons is not commercially available, and it is usually an adaptation of domestic microwave oven that is used for pyrolysis of the biomass (Leite et al. 2017; Puchana-Rosero et al. 2016; Saucier et al. 2015 Saucier et al. , 2017 Thue et al. 2016 Thue et al. , 2017 . Therefore, these oven systems do not have available temperature control, and all the pyrolysis should be performed in the maximum power of the furnace. However, the conventional furnace for thermal pyrolysis is available, being possible to optimize several parameters, such as ramp heating rate, final temperature of pyrolysis, holding time at the final temperature and several steps of temperature for performing the pyrolysis. However, for the preparation of activated carbons using pyrolysis of the biomass (Calvete et al. 2010; Ribas et al. 2014) , there are some factors that might affect the final quality (porosity, surface chemistry and therefore the performance of adsorption) of the materials such as hold temperature and time (dos Reis et al. 2016c; Thue et al. 2017; Ribas et al. 2014 ). Then, a multivariate technique extensively and usefully is needed for applying in optimisation of procedures through fast, economic and effective pathway and allows more than one variable to be optimized simultaneously (Bruns et al. 2016; dos Reis et al. 2016c; Ennaciri et al. 2014) . A good selection of design and optimisation models makes possible to simultaneously evaluate the variable contribution (main and interaction) on the preparation of a material with good adsorption properties (dos Reis et al. 2016c; Ennaciri et al. 2014) .
In this work, the use of avocado seed has been studied for preparation of activated carbons (avocado seed activated carbon (ASACs)) and their preparations were optimized by using a 2 2 full-factorial design of experiment (DOE) by varying two factors (temperature and time of pyrolysis) with three central points (total of seven experiments). The ASAC materials were characterized by N 2 adsorption-desorption isotherms, vibrational spectroscopy in the infrared region (FTIR), point of zero charge (pH pzc ), total acidic and basic groups, hydrophobicityhydrophilicity ratio (HI). The quantitative parameters obtained were used as responses of the DOE, and then, the prepared ASACs were employed for adsorption of several emerging organic compounds (10 pharmaceuticals and 15 phenolic compounds) from aqueous solutions.
Material and method

Statistics-experimental design
The design of experiment optimisation concerning the fullfactorial design was carried out using Minitab version 17.3. Individual and synergetic effects of two operational parameters (see Table 1 ) including temperature of pyrolysis (A) and holding time (B) were investigated using a 2 2 full-factorial design with three central points. The analysis of variance (ANOVA) was performed to justify the significance and adequacy of the developed regression model. The adequacy of the response surface models was evaluated by calculation of the adjusted determination coefficient (R 2 Adj ), coefficient of variation, adequate precision and also by testing it for the lack of fit.
Preparation of activated carbon
The preparation of the ACs followed the procedures described by Ribas et al. (2014) and Leite et al. (2017) : 100.0 g of avocado seed (AS) was milled at diameter < 250 μm; 100.0 g of ZnCl 2 and 30.0 mL of water were added and mixed until they form a homogeneous paste (Leite et al. 2017 ). The resulting paste was placed in a quartz tube reactor inside conventional heating furnace (Sanchis, Porto Alegre, RS, Brazil). The heating treatment was carried out by heating the sample from room temperature until final temperature (T f ), according to data of Table 1 , and N 2 flow (150 mL/min). Then, the system was cooled down, also under N 2 atmosphere, until the temperature attain values < 150°C.
Afterwards, the pyrolysed materials were treated with a 6 mol L −1 HCl solution under reflux at 80°C (Ribas et al. 2014; Saucier et al. 2015; Leite et al. 2017) . The resulting activated carbons were labelled according to the experiments performed in the full 2 2 factorial design as ASAC1 to ASAC7 for experiments from 1 to 7 (see Table 1 ).
ASAC characterisation
Nitrogen adsorption isotherms were recorded with a Micrometrics Instrument, TriStar II 3020 at − 196°C after drying for 3 h at 120°C under reduced pressure (< 2 mbar) (Umpierres et al. 2017) . The specific surface areas were determined from the Brunauer, Emmett and Teller (BET) method (Thommes et al. 2015) . Pore size was calculated by the Barrett-Joyner-Halenda (BJH) method from desorption curves (Thommes et al. 2015) .
Surface images were observed with a scanning electron microscope (SEM) (TESCAN 3, Sweden) (Lemraski et al. 2017) .
The functional groups of the hybrid materials were determined using a Bruker spectrometer and alpha model fourier transform infrared spectroscopy (FTIR). The spectrum was recorded with 64 cumulative scans over the range of 4000-400 cm −1 with a resolution of 4 cm −1 (Zhang et al. 2017a ).
Thermogravimetric analyses (TGA) were obtained on a TA Instruments model SDT Q600 (New Castle, USA) with a heating rate of 20°C min −1 at 100 mL min −1 of synthetic air flow. Temperature was varied from 20 to 1000°C with an acquisition time of 1 point per 5 s using 10.00-15.00 mg of solid (Wang et al. 2017) . For determination of hydrophobicity/hydrophilicity of the surfaces, the ACs were dried in 10-mL beakers at 70°C for 24 h (dos Reis et al. 2016b; Prenzel et al. 2014) . Then, the samples were cooled down in a desiccator before the accurate weight (ca. 0.3 g) of each sample was obtained. Afterwards, the beakers were disposed into capped Erlenmeyer flasks, containing 60 mL of solvent (water or n-heptane) inside a temperature-regulated shaker at 25.0 ± 0.1°C in static condition. The samples were placed in such a way that they were not in contact with the solvent or wall of the Erlenmeyer. After 24 h, the sample was removed from the Erlenmeyer, dried carefully from the outside with laboratory tissues and weighed again. The maximal vapour amount adsorbed on the ACs was obtained by the difference between the final and initial weight and expressed in milligrammes per gramme (dos Reis et al. 2016b; Prenzel et al. 2014) . The hydrophobicity/ hydrophilicity balances (HI) were calculated as the ratio of ). The pH pzc values were determined through the procedure described in the literature (Prola et al. 2013a ). The total acidity and basicity of the ACs were determined using a modified Boehm titration (Goertzen et al. 2010; Thue et al. 2017 ).
Chemicals, reagents and solutions
Deionized water was used for preparation of all solutions.
All phenolic compounds and pharmaceuticals used in the adsorption processes were purchased from Sigma-Aldrich (São Paulo, Brazil) and are listed in the Table 2 . The pH of these solutions was 7.0 for the majority of these compounds, with exception of nimesulide (pH 8.5), tetracycline (pH 8.5), 1-naphtol (pH 10.5), 2-naphthol (pH 10.5), bisphenol A (pH 10.5) and thymol (pH 11.5).
Batch adsorption studies and quality assurance
The batch adsorption processes for the phenolic compounds and pharmaceuticals on seven ASACs materials were performed using 20.00 mL of phenolic (500 mg L ). The flasks were capped and placed horizontally in a thermostatic reciprocating shaker (25.0 ± 0.1°C) model Oxy-303T, furnished by Oxylab (Novo Hamburgo, RS, Brazil), using a contact time of 120 min. After the stipulated time, the flasks were removed and centrifuged to separate the adsorbents from the aqueous solutions, and aliquots of 1-5 mL of the supernatants were properly diluted to 10.0-100.0 mL in calibrated flasks using aqueous solution at suitable pH.
The residual solutions of each adsorbate after adsorption were measured using a UV-visible spectrophotometer at their respective wavelengths, and the adsorption capacity (q e ) was determined using the relation shown in Eq. (1).
where q (mg g −1 ) is the amount of the used adsorbate adsorbed per unit adsorbent; C 0 and C f (mg/L) are the initial and equilibrium liquid phase concentrations, respectively; V (L) is the volume of the adsorbate solution; and m (g) is the adsorbent amount.
All of the experiments were carried out in triplicate to ensure reproducibility, reliability and accuracy of data. The relative standard deviations of all measurements were < 4.5%. Blanks were run in parallel and corrected when necessary .
The solutions of adsorbates were stored in glass bottles, which were cleaned by immersing in 1.4 mol L −1 HNO 3 for 24 h (Lima et al. 2001) , rinsing with deionized water, drying and keeping them in cabinets. Adsorbate solutions (between 2.00-100.0 mg L −1
), in parallel with a blank, were used for linear analytical calibration. The calibration curves were performed on the UV-Win software of the T90+ PG Instruments spectrophotometer. All of the analytical measurements were repeated thrice, and the precisions of the standards were better than 5.0% (n = 3) . The adsorbate solutions (15.0 mg L −1 ) were used as quality control after every five measurements to ensure accuracy of the solutions (Barbosa-Jr et al. 1999) .
Results and discussion
SEM analysis
Analysis such as SEM, in view of its ability to directly view the surface of activated carbons at high magnification, has demonstrated enormous potential for use in the study and characterisation of activated carbons Lemraski et al. 2017) . SEM was used to observe the physical surface of the all ASAC samples (see Fig. 1 ). Such images show that the activation stage produced carbon surfaces which were very irregular in relation to its format and present high roughness. At the amplification of × 1000 (at micrometric scale), it is not possible to distinguish the ASAC samples from each other.
Specific surface area and porosity
Specific surface area and porosity are two important physical properties of a material that impact its quality and utility for a certain application, especially for adsorption process. These physical characteristics are important because they are deeply related to adsorptive capacity of the materials dos Reis et al. 2016a, c) . Many works have addressed that the success in the application of adsorbents is closely linked with specific surface area and porosity characteristics of these adsorbents (Leite et al. 2017; Thue et al. 2016 Thue et al. , 2017 Lin et al. 2017c) .
The physical features of the avocado seed activated carbons made by different pyrolysis conditions are shown in Table 3 . By analysing Table 3 , it is easy to see that the textural properties of the obtained activated carbons differ in relation to its pyrolysis conditions. For the S BET , it should be noted that their values are highpresenting values ranging from 1122 to 1584 m 2 g −1 (see Table 3 ). The high values of S BET might implicate in high uptakes of adsorbates by ASACs (Lin et al. 2017c; Thue et al. 2016 Thue et al. , 2017 . Therefore, it should be pointed out that avocado seed is an excellent precursor for preparation of highly porous activated carbons. Other parameters that are useful for analysis of the textural properties of these ASAC materials are micropore area and external surface area and total, micropore and mesopore volumes. As can be seen in Table 3 , all these parameters have followed the same S BET trend, as earlier observed for other activated carbons Ahmed et al. 2017) . It is noted that the samples pyrolysed at 500°C reached higher textural parameter values compared with those samples pyrolysed at 700°C.
It is also valuable to classify the activated carbons by t h e i r r e l a t i o n s h i p b e t w e e n m i c r o p o r o s i t y a n d (Leite et al. 2017; Thue et al. 2016 Thue et al. , 2017 .
Observing the values of specific surface area and total pore volume of the obtained ASAC adsorbents (Table 3) Based on these data, it can be inferred that the ASAC activated carbons presented higher surface area and higher total pore volume, which are good characteristics for adsorption of different adsorbates .
Fourier transform infrared spectroscopy, point of zero charge, total acidity and basicity (Boehm titration) and hydrophobicity index FTIR analysis contributes in the identification of functional surface groups present on a solid surface which may contribute for explaining the adsorption of adsorbate molecules onto the carbon surfaces (Ribas et al., 2014; Saucier et al. 2015; Thue et al. 2016 Thue et al. , 2017 . The FTIR spectra of all ASACs are displayed in Fig. 2 . Although some differences in the spectra of ASACs can be seen, it seems that the different conditions in the pyrolysis process did not cause large differences in the spectra of ASACs which presented almost the same group of vibrational FTIR bands, such as the following: The band at 3443-3419 cm −1 is due to the OH stretching vibrations from the intermolecular hydrogen bonding (Calvete et al. 2010; Leite et al. 2017; Thue et al. 2016 ); bands at 2920-2924 and 2853-2858 cm −1 are due to the asymmetric and symmetric C-H stretching, respectively (Prola et al. 2013a, b) ; a small shoulder at 1736-1708 cm −1 could assigned to C=O stretching of carboxylic acids (Ribas et al. 2014; ) ; that at 1614-1630 cm −1 is due to the asymmetric stretching in of carboxylates (O=C=O) ; and those at 1409-1410 and 1460 cm −1 may be assigned to the aromatic ring mode (Leite et al. 2017; Thue et al. 2016) . The bands at 1262-1163 and 1030-1040 cm −1 could be assigned to C-O stretching of phenols and alcohols, respectively, and the band at 799-806 cm −1 could be assigned to C-H out-of-plane bending in the aromatic rings (Leite et al. 2017; Thue et al. 2016 ).
The most important functional groups present in all ACs include (i) O-H likely from alcohols and phenols, (ii) aromatic rings, (iii) C=O likely from carboxylic acids and esters and (iv) CH from aromatic and aliphatic compounds. The surface chemistry and functionality of a solid material (specially a functional material such carbon material) are determined by the presence of basic and acidic groups on its surface. The pH pzc is the pH at which the surface of an adsorbent is globally neutral, i.e. contains as much positively charged as negatively charged surface functions. Below this value, the surface is positively charged, making it able to attract anions; beyond this value, it is negatively charged which would attract cations.
It can be seen from Table 4 that the pH pzc values of all samples are between 6.11 and 6.80. These values of pH pzc reveal that the surfaces of these ASACs are close to neutrality; however, it reveals that there are a small excess of acidic groups in relation to basic groups.
The total acidity and total basicity of the ASACs were determined using modified Boehm titration (Goertzen et al. 2010; Thue et al. 2017 ); see Table 4 . This method was preferred in relation to fractionated acidic groups (carboxylic acids, phenolic, lactonic) because the CO 2 generated with the use of carbonate and hydrogen carbonate in the aqueous solution leads to wrong results of these groups, which are usually neglected by the majority of authors, who use standard coloured indicator to detect the end point of the titration (Goertzen et al. 2010) . It is also observed that the total amount of acidic groups present on the ASAC samples is a little bit higher than that of the basic groups, and this result is consistent with the values of pH pzc reported earlier (Table 4) . Samples with higher amount of acidic groups presented lower values of pH pzc . Therefore, the values of pH pzc are in complete agreement with the total amounts of acidic and basic groups present in the activated carbon samples.
In relation to the polarity of the surface of the obtained ASAC adsorbents, it was also observed that samples with higher total amount of functional groups (acidic and basic groups) presented lower values of HI (see Table 4 ). The HI values were calculated as the ratio of the amount of adsorbed n-heptane vapour (mg g ) by the carbon samples (dos Reis et al. 2016b; Prenzel et al. 2014) . It is observed that all ASAC surfaces are predominantly hydrophilic in nature (see Table 4 ), since all HI values are lower than 1.00.
It should be highlighted that the values of pH pzc , total amount of functional groups and HI are completely in agreement, reinforcing that these results should be correct.
The presences of hydrophilic groups on ASAC surfaces are related to H-bonding and oxygen groups that are present on the ASAC surfaces (see Fig. 2 ). Taking into account these set of results presented until here, it differentiates the better pyrolysis conditions to be carried out, in order to obtain activated carbons with higher sorption capacity for removal of organic emerging contaminants. Therefore, it is necessary to use a statistical tool, to differentiate the textural, functional, polarities and surface acidity of activated carbon samples obtained from the conventional pyrolysis of avocado seed which will be presented in the next section.
Evaluation of the influence variables by statistical analysis
When analysing the effects of multiple variables in an experiment, it is useful to see the normal probability plots of the standardized effects at a given probability level (p = 0.05, in this case) to verify what is the variable that has the main effect over a determined response, as well as if the variation of a given parameter will increase or decrease the responses and also it is possible to detect if there are some synergistic or antagonistic effect of varying two or more variables simultaneously. Based on that, in this study, normal probability plots of the standardized effects at p = 0.05 for the responses, surface area ( Supplementary Fig. 3A) , total volume of pores ( Supplementary Fig. 3B ), total functional groups ( Supplementary Fig. 3C ) and HI ( Supplementary Fig. 3D ) for producing activated carbons from avocado seed using the experimental conditions are depicted on Table 1 . These graphs could be divided in two regions: at the left of zero standardized effect, where the factors and their interactions presented negative coefficients, and at the right of zero standardized effect where the factors presented positive coefficients. All these factors and interactions which were represented as a square were significant figures, and they were out of the central line that crosses the zero value at the abscissa at 50%. The effects positioned in this line were represented by a circle and correspond to the estimate of errors of the effects, being not significant (Bruns et al. 2006; Montgomery 2017) . As the probability level was established at 95% of confidence level (p = 0.05), all factors and interactions with values of probability lower than 0.05 are significant (see Supplementary  Table 1 ) and all parameters or interactions of two factors with probability > 0.05 are not significant. Also, the contribution of each factor and its interaction in the overall responses were also given (see Supplementary Table 1) .
For the response of surface area (S BET ), it was observed that the parameters' final temperature (A) and time of holding the pyrolysis at the final temperature (B) presented both negative coefficients and for this response, there is no interaction of the Fig. 3A and Supplementary Table 1A) , when the temperature of pyrolysis of avocado seed passes from 500 to 700°C, a decrease in the surface area will be observed. Also, the increase of time of pyrolysis, from 30 to 60 min, also led to a decrease in surface area. The effect of increase in temperature of pyrolysis and time of holding temperature on the surface area was already reported in the literature by Botomé et al. (2017) , and the authors also observed a decrease in the surface area. For the response total pore volume, all the factors (A and B) and the interactions of two factors (A × B) were significant (see Supplementary Fig. 3B and Supplementary Table 1B) . Also, it was observed that increases in the temperature of pyrolysis (A) and holding time at the final temperature (B) as well as the interaction A × B presented negative coefficients, meaning that its increases in their values lead to a decrease in the total pore volume. The contributions of each factor on the overall response were 71.28% (A), 16.40% (B), 5.23% (A × B), 6.96% (central point) and only 0.13% (pure error). Considering that there was significant central point in the response total pore volume, it is possible to highlight that a curvature occurred for this response. Also, interactions of temperature of pyrolysis and time of holding at final temperature also decreased the total pore volume (negative coefficient). Although these two parameters were observed (A × B and central point), the final temperature of pyrolysis (A) is the factor that contributes the most with the total pore volume.
There is a direct relationship between surface area and total pore volume of an activated carbon . As the total surface area of ASACs increases, it would lead to increases in the total pore volume. The increase in temperature and holding time at final temperature led to decreases in the surface area ( Supplementary Fig. 3A ) and total pore volume ( Supplementary Fig. 3B ).
For the response of total functional groups present on the surface of ASACs, an interesting effect of the parameters was obtained. The temperature of pyrolysis (A) and holding time (B) present negative coefficients; on the other hand, the interactions of temperature of pyrolysis multiplied by holding time (A × B) present a positive coefficient. In addition, the magnitude of A × B is very close to that of A (see Supplementary Table 1C) . The overall response (total amount of functional groups) follows a decreasing order, temperature (41.42%), holding time (21.37%), interaction A × B (20.82%), central point (16.39%) and pure error (0.00%). Again, the presence of a central point indicates the curvature when the temperature and the holding time are increased from 500 to 700°C and 30 to 60 min, respectively. The increase in temperature leads to a decrease in the total functions present on the surface of activated carbons as expected (dos Reis et al. 2016a, c) . The increase in temperature during the pyrolysis leads to the elimination of the most volatile organic groups of the pyrolysed lignocellulosic material (Saucier et al. 2015 ) that will render low contents of organic groups onto the surface of ASAC samples. Also, the increase in the holding time will increase the releases of volatile organic groups (dos Reis et al. 2016a, c) . However, the synergistic effect of temperature of pyrolysis multiplied by the holding time (A × B) is not expected in the univariate analysis, and just this result justifies the 2 2 full-factorial design with three central points carried out in this work.
The hydrophobic/hydrophilic ratio (HI) was the fourth response explored in this work. Contrary to all the responses shown until now, all the coefficients presented positive values (see Supplementary Fig. 3D and Supplementary Table 1D ). The increase in the temperature of pyrolysis as well as the holding time of the final temperature of pyrolysis led to increase in the HI values, which means that the ASAC surfaces of the carbon adsorbents became less hydrophilic (since all values of HI are lower than 1.00). This achievement is compatible with total organic functional groups. The increase in temperature leads to releases of oxygen functional groups, and therefore, the carbon surfaces become more hydrophobic (dos Reis et al. 2016b; Prenzel et al. 2014 ). The overall HI response for the factorial design followed a decreasing order, temperature of pyrolysis (36.47%), holding time (24.01%), the interaction of two factors temperature of pyrolysis multiplied by holding time (24.00%) and central point (15.52%).
Based on the DOE of the four responses studied, the following could be drawn: & For obtaining activated carbons with higher surface area and higher total pore volumes, it would be better to use lower pyrolysis temperatures and holding times; & For obtaining activated carbons with higher number of total functional groups, it would be better also to use lower pyrolysis temperatures and holding times.
However, it should be mentioned that higher surface area, higher total pore volume and higher functional groups are not a guarantee that the activated carbon will be a good adsorbent for removal of emerging organic contaminants from aqueous solutions, because the adsorption does not take into account the physical characteristics of the adsorbent (higher surface area, higher total pore volume). It also considers the chemical nature of adsorbate and adsorbent and the chemical composition of the medium .
Adsorption of emerging pollutants
Among the different types of organic pollutants in wastewater, phenolic and several pharmaceutical compounds are considered as priority pollutants since they cause several issues for the living organisms, even at very low concentrations. Removal of these emerging compounds by adsorption onto activated carbon is one of the most applied methods for treating polluted waters. In this work, avocado seed was used as raw material for preparation of activated carbons and they were used for uptake of 15 phenolic compounds and 10 pharmaceuticals in aqueous solutions as shown in Table 5 . The ASACs exhibited very high adsorption capacity for all organic emerging contaminants.
It is well-known in the literature that the adsorption characteristics of different phenolic and pharmaceutical compounds are influenced by their physicochemical properties, such as water solubility and octanol-water partition coefficients (dos Yang et al. 2017) . However, in this study, the affinity of each organic emerging contaminant compared with others does not follow a logical pattern with respect to their physical chemical properties, reported in Table 2 , in order to differentiate the reason for the differences on sorption capacities of different emerging organic contaminants. We tried to make some correlation of amount adsorbed of the organic compound with its molecular weight, its Van der Waals and polar surface areas, its ratio of polar surface area divided by the Van der Waals surface area, its Van der Waals volume and its Log P. However, all these parameters did not follow a logical pattern to explain why the ASACs presented differences in the sorption capacity for these 25 emerging organic contaminants. Therefore, the statistical analysis, described below, helped to understand these differences.
The results shown in Table 5 suggest that the ASACs could be successfully employed for removal of organic emerging compounds from aqueous solutions. The reasons for this could be several. However, what better explains the efficiency in the removal of such adsorbates is the mechanism of adsorption. To better understand the possible mechanisms that might play key roles in phenolic compound adsorption on ASACs, some mechanisms, such as π-π interactions, dispersion interactions, electron donor-acceptor and hydrogen bonds (dos Reis et al. 2016c; Thue et al. 2016) , are proposed.
In the ASACs, surfaces are expected to contain large amounts of polar groups such as -OH, -COO, -O and -NH, (as can be seen in the FTIR analysis) and exhibit mostly polar (hydrophilic) behaviour.
The organic emerging contaminant adsorption on ASACs could also be determined by π-π interactions (between the π electrons present in the rings of phenols with the π electrons of the aromatic rings present on ASACs) and Bdonor-acceptor complex^formation between the surface carbonyl groups (electron donors) and the aromatic ring of phenol acting as the acceptor.
It is clearly seen that although the ASAC-1 has the highest S BET and total pore volume (1584 m 2 g −1 and 0.8469 cm 3 g −1 , respectively) among the others, it does not present the highest uptake, which suggests that the adsorption of emerging pollutants such phenols and pharmaceuticals is not totally influenced by physical features of the ASACs (see Table 5 ). The differences between the values of q might also be linked by the physical-chemical properties of the emerging pollutants; however, no logical pattern was followed as can be seen by the physical-chemical properties shown in Table 2 as well as in the Supplementary Fig. 1 and Supplementary Fig. 2 . However, observing Table 5 as well as the results of Table 4 , the decreasing sorption capacity of the ASAC for all organic emerging contaminants was as follows: ASAC4 > ASAC2 > ASAC7 ≈ ASAC6 ≈ ASAC5 > ASAC3 > ASAC1. This order is exactly the opposite order of total functional groups, whose d e c r e a s i n g o r d e r w a s A S A C 1 > A S A C 3 > ASAC6 ≈ ASAC7 ≈ ASAC5 > ASAC2 > ASAC4. Also, the sorption decreasing order of ASACs also agrees with that of the HI ratio, whose decreasing order is ASAC4 > ASAC2 > ASAC5 ≈ ASAC6 ≈ ASAC7 > ASAC3 > ASAC1. Based on these results, it can be concluded that the sorption capacity of the emerging organic contaminants decreased as the number of total basic and acidic groups increased, and the sorption capacity also increased with the increase in HI ratio, and this analysis was observed based on the statistical results of the factorial design.
Considering that all activated carbons prepared in this work presented surface area higher than 1000 m 2 g −1 (see Table 3 ) and considering that a pyrolysis temperature of avocado seed carried out at 700°C led to a decrease in functional groups (acidic and basic functional groups) onto the surface of activated carbon, which resulted in the most hydrophobic surface, when compared with the activated carbons (see Table 4 ), whose final pyrolysis temperature was 500°C, it could be stated that for adsorption of 25 emerging contaminants, the best activated carbon was ASAC4. However, all other activated carbons also could be successfully employed for adsorption of organic compounds from aqueous solutions.
Comparison of adsorption capacities of different adsorbents
In order to compare the effectiveness of the avocado activated carbons for removal of phenolic compounds, Table 6 brings some results of some works reported in literature in relation to adsorption of some phenolic compounds and pharmaceuticals over many types of ACs. The results found in literature might enable a comparison analysis about the effectiveness the avocado ACs prepared in this work (see Table 5 ) with many other adsorbents.
As can be seen in Tables 5 and 6 , the adsorbent materials proposed in this current work presented very good adsorption capacities when compared with other adsorbents reported in the literature. It is also highlighted that avocado ACs also presented higher adsorption capacities when compared with other adsorbents reported in the literature. However, these results are very important because they highlight the excellent performance of avocado ACs on the removal of several phenolic compounds and pharmaceutics toward other adsorbents described in Tables 5 and 6 .
Conclusion
In this study, avocado seed was successfully used as raw material for producing activated carbons by conventional pyrolysis. In order to determine the best condition to produce the activated carbons, a DOE was employed by varying the temperature (500-700°C) and time of pyrolysis (30-60 min). The two evaluated factors (temperature and time of pyrolysis) strongly influenced the S BET and pore volume values; both factors had a negative effect which means that increasing the values of factors leads to decreases in S BET and pore volume values. The produced activated carbon exhibited high specific surface areas in the range of 1122-1584 m 2 g −1 .
Surface characterisation revealed that ASACs have hydrophilic surfaces and have predominantly acidic groups on their surfaces.
The prepared ASACs were employed in the adsorption of 25 emerging organic compounds such as 10 pharmaceuticals and 15 phenolic compounds which presented high uptake values for all emerging pollutants. It was observed that the activated carbon prepared at higher temperature of pyrolysis (700°C), which generated less total functional groups and presented higher HI, was the activated carbon with higher sorption capacity for uptaking emerging organic contaminants.
Based on results of this work, it is possible to conclude that avocado seed can be employed as a raw material to produce high surface area and very efficient activated carbons in relation to treatment of polluted waters with emerging organic pollutants.
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